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$\mathrm{D}$ :\forall x(AVB(x))\rightarrow (AV\forall xB( CD
. $\mathrm{C}\mathrm{D}$ Kripke , (
)
. $\mathrm{C}\mathrm{D}$ Craig .
$\mathrm{C}\mathrm{D}$ , , .
1
Kripke [5] (?) , $\mathrm{C}\mathrm{D}$ (
$+$ D) Kripke [4]
[11] ( ). , [11]
, [4] . ( )




, [2] [9] .
,
, [6],
[8], [15] ([6] constructible falsity ). [1]
(?).
2
. [1], [8], [15] ( [6]) $\text{ }\mathrm{C}\mathrm{D}$ (
) .
1533 2007 1-8 1
( ) , .
, , , , ( ,) $\perp$ ,
$arrow,$ $\wedge$ , V, $\forall$. $\exists$ ( $\neg A$ $Aarrow\perp$ ). $a,$ $b$
, $x,$ $y$ , $s,$ $t$ , $A,$ $B$ . $\Gamma,$ $\Delta$
, $\Gamma\Rightarrow\Delta$ .
LD . $\mathrm{C}\mathrm{D}$ (
[18] $)$ .
: $A\Rightarrow A$ $\perp\Rightarrow A$
:
$\frac{\Gamma\Rightarrow\Delta,AA,\Pi\Rightarrow\Sigma}{\Gamma,\Pi\Rightarrow\Delta,\Sigma}$ (cut)
$\frac{\Gamma\Rightarrow\Delta}{A,\Gamma\Rightarrow\Delta}$ (weakening $E$) $\frac{\Gamma\Rightarrow\Delta}{\Gamma\Rightarrow\Delta,A}$ (weakening $B$ )
$\frac{A,A,\Gamma\Rightarrow\Delta}{A,\Gamma\Rightarrow\Delta}$ (contraction a) $\frac{\Gamma\Rightarrow\Delta,A,A}{\Gamma\Rightarrow\Delta,A}$ (contraction $\text{ }$ )
$\frac{\Gamma,A,B,\Pi\Rightarrow\Delta}{\Gamma,B,A,\Pi\Rightarrow\Delta}$ (exchtge a7 $\frac{\Gamma\Rightarrow\Delta,A,B,\Sigma}{\Gamma\Rightarrow\Delta,B,A,\Sigma}$ (exchenge E)
$\frac{\Gamma\Rightarrow\Delta,AB,\Pi\Rightarrow\Sigma}{Aarrow B,\Gamma,\Pi\Rightarrow\Delta,\Sigma}(arrow \text{ })$ $\frac{A,\Gamma\Rightarrow B}{\Gamma\Rightarrow Aarrow B}$ (– )
$\frac{A,\Gamma\Rightarrow\Delta}{A\wedge B,\Gamma\Rightarrow\Delta}$ (\wedge ) $\frac{B,\Gamma\Rightarrow\Delta}{A\wedge B,\Gamma\Rightarrow\Delta}$ ( ) $\frac{\Gamma\Rightarrow\Delta,A\Gamma\Rightarrow\Delta,B}{\Gamma\Rightarrow\Delta,A\wedge B}$ ( )
$\frac{A,\Gamma\Rightarrow\Delta B,\Gamma\Rightarrow\Delta}{A\vee B,\Gamma\Rightarrow\Delta}$ (V ) $\frac{\Gamma\Rightarrow\Delta,A}{\Gamma\Rightarrow\Delta,A\vee B}$ (V ) $\frac{\Gamma\Rightarrow\Delta,B}{\Gamma\Rightarrow\Delta,A\vee B}$ (V )
$\frac{A(t),\Gamma\Rightarrow\Delta}{\forall xA(x),\Gamma\Rightarrow\Delta}$ (\forall ) $\frac{\Gamma\Rightarrow\Delta,A(a)}{\Gamma\Rightarrow\Delta,\forall xA(x)}$ (\forall
$\frac{A(a),\Gamma\Rightarrow\Delta}{\exists xA(x),\Gamma\Rightarrow\Delta}$ ( $\exists$ )\dagger $\frac{\Gamma\Rightarrow\Delta,A(t)}{\Gamma\Rightarrow\Delta,\exists xA(x)}$ (\exists )
(\dagger ) (\forall ), (\exists ) $a$ .
$\mathrm{L}\mathrm{D}$ :
::
$\frac{\frac\forall x(A\vee B(x))\Rightarrow A,\forall xB(x)(\forall \text{ })\frac{\frac{\frac{B(a),C\Rightarrow B(a)\wedge C}{\forall xB(x),C\Rightarrow B(a)\wedge C}(}{\forall xB(x),C\Rightarrow\forall x(B(x)\wedge C)}(}{arrow\forall x(B(x)\wedge C)\forall xB(x)\Rightarrow Carrow\forall x(B(x)\wedge C)}\frac{A\vee B(a)\Rightarrow A,B(a)::}{\forall x(A\vee B(x))\Rightarrow A,B(a)}(\mathrm{f}\mathrm{f}\mathrm{l})}{\forall x(A\vee B(x))\Rightarrow A,C}(\mathrm{c}\mathrm{u}\mathrm{t})\forall R)\forall \text{ })(arrow \text{ })$
2
LD (\rightarrow ) –
. (\forall ) $\mathrm{L}\mathrm{J}’$
. . , ,
– LJ– ,
$\mathrm{L}\mathrm{K}-$ .
$\mathrm{L}\mathrm{K},$ $\mathrm{L}\mathrm{J},$ $\mathrm{L}\mathrm{J}’$ , $\mathrm{L}\mathrm{D}$
( [13], [14] ) cut
.
[12] rJSL !?
. (1) LD ( ) , (2)
Craig , –
. . (1)
, (1) , (2) (
).




[7] , ( $arrow$ )
, $\mathrm{L}\mathrm{D}$ CD
. (CLD ) [7]
.
( ) , $\alpha,\beta$ . $\alpha:A$









. $\sim$ , $(arrow$
3
) $A$ , $B$
, $Aarrow B$ .
: $\{n\}:A\Rightarrow\{n\}:A$ $\{n\}:\perp\Rightarrow\{n\}:A$
$\frac{\Gamma\Rightarrow\Delta,\beta:A\alpha:A,\Pi\Rightarrow\Sigma}{\Gamma[\betaarrow+\alpha],\Pi\Rightarrow\Delta,\Sigma}$ (cut)
$\frac{\Gamma\Rightarrow\Delta}{\alpha:A,\Gamma\Rightarrow\Delta}$ (weakening $E$) $\frac{\Gamma\Rightarrow\Delta}{\Gamma\Rightarrow\Delta,\alpha:A}$ (weakeing E)
$\frac{\alpha:A,\beta:A\Gamma\Rightarrow\Delta}{\alpha\cup\beta:A,\Gamma\Rightarrow\Delta}$‘(contraction $E$) $\frac{\Gamma\Rightarrow\Delta,\alpha:A,\beta:A}{\Gamma\Rightarrow\Delta,\alpha\cup\beta:A}$ (contraction h)
$\frac{\Gamma,\alpha:A,\beta:B,\Pi\Rightarrow\Delta}{\Gamma,\beta:B,\alpha.A,\Pi\Rightarrow\Delta}$
, (exchange $R$) $\frac{\Gamma\Rightarrow\Delta,\alpha:A,\beta:B,\Sigma}{\Gamma\Rightarrow\Delta,\beta:B,\alpha:A,\Sigma}$ (exchange h)
$\frac{\Gamma\Rightarrow\Delta,\beta:A\alpha:B,\Pi\Rightarrow\Sigma}{\alpha:Aarrow B,\Gamma[\betaarrow+\alpha],\Pi\Rightarrow\Delta,E}$ ( $arrow$ )
$\frac{\beta:A,\Gamma\Rightarrow\Delta,\alpha:B}{\Gamma\Rightarrow\Delta,\alpha:Aarrow B}$ ( $arrow$ ) ( $\beta\oint\Delta$ )
$\frac{\alpha:A,\Gamma\Rightarrow\Delta}{\alpha:A\wedge B,\Gamma\Rightarrow\Delta}(\wedge \text{ })$ $\frac{\alpha:B,\Gamma\Rightarrow\Delta}{\alpha:A\wedge B,\Gamma\Rightarrow\Delta}(\wedge \text{ })$
$\frac{\Gamma\Rightarrow\Delta,\alpha:A\Pi\Rightarrow\Sigma,\beta:B}{\Gamma,\Pi\Rightarrow\Delta,\Sigma,\alpha\cup\beta:A\wedge B}$ ( $\wedge$ )
$\frac{\alpha:A,\Gamma\Rightarrow\Delta\beta:B,\Pi\Rightarrow\Sigma}{\alpha\cup\beta:A\vee B,\Gamma,\Pi\Rightarrow\Delta,\Sigma}$ ( ${ }$ )
$\frac{\Gamma\Rightarrow\Delta,\alpha:A}{\Gamma\Rightarrow\Delta,\alpha:A\vee B}(\vee \text{ })$ $\frac{\Gamma\Rightarrow\Delta,\alpha:B}{\Gamma\Rightarrow\Delta,\alpha:A\vee B}(\vee \text{ })$
$\frac{\alpha:A(t),\Gamma\Rightarrow\Delta}{\alpha:\forall xA(x),\Gamma\Rightarrow\Delta}(\forall E)$ $\frac{\Gamma\Rightarrow\Delta,\alpha:A(a)}{\Gamma\Rightarrow\Delta,\alpha:\forall xA(x)}(\forall E)\dagger$
$\frac{\alpha:A(a),\Gamma\Rightarrow\Delta}{\alpha:\exists xA(x),\Gamma\Rightarrow\Delta}$ ( $\exists$ )\dagger $\frac{\Gamma\Rightarrow\Delta,\alpha:A(t)}{\Gamma\Rightarrow\Delta,\alpha:\exists xA(x)}(\exists \text{ })$
(\dagger ) (\forall ), (\exists ) $a$ .




$\bullet$ CLD $\mathrm{C}\mathrm{D}$ . ( , $\mathrm{C}\mathrm{D}\vdash A$ iff $\mathrm{C}\mathrm{L}\mathrm{D}\vdash\Rightarrow\alpha:A$
for some $\alpha.$ )
$\bullet$
$\mathrm{L}\mathrm{D}$ , cut .
CD .
3
, L Craig .
$L\vdash Aarrow B$ , $C$ :
$\bullet L\vdash Aarrow C$ .
$\bullet L\vdash Carrow B$ .
$\bullet$ Symbol $(C)\subseteq \mathrm{S}\mathrm{y}\mathrm{m}\mathrm{b}\mathrm{o}\mathrm{l}(A)\cap \mathrm{S}\mathrm{y}\mathrm{m}\mathrm{b}\mathrm{o}\mathrm{l}(B)$ .
Symbol(X) $X$ ( ,
) .
CD , :[2],
[3], [12] . [12] . [2]





$\bullet$ $\mathrm{L}\mathrm{K}\vdash\Gamma_{1},$ $\Gamma_{2}\Rightarrow\Delta_{1},$ $\Delta_{2}$ $X$ , $\Gamma_{1},$ $\Gamma_{2}\Rightarrow\Delta_{1},$ $\Delta_{2}$
cut-free $\mathrm{L}\mathrm{K}$-proof :
$-\mathrm{L}\mathrm{K}\vdash\Gamma_{1}\Rightarrow\Delta_{1},X$.
$-\mathrm{L}\mathrm{K}\vdash X,$ $\Gamma_{2}\Rightarrow\Delta_{2}$ .
- Symbol(X) $\mathrm{C}\mathrm{S}\mathrm{y}\mathrm{m}\mathrm{b}\mathrm{o}1(\Gamma_{1}, \Delta_{1})\cap \mathrm{S}\mathrm{y}\mathrm{m}\mathrm{b}\mathrm{o}1(\Gamma_{2}, \Delta_{2})$.




$-\mathrm{L}\mathrm{J}\vdash X,$ $\Gamma_{2}\Rightarrow A$ .
- Symbo1 $(X)\subseteq \mathrm{S}\mathrm{y}\mathrm{m}\mathrm{b}\mathrm{o}1(\Gamma_{1})\cap \mathrm{S}\mathrm{y}\mathrm{m}\mathrm{b}\mathrm{o}1(\Gamma_{2}, A)$ .
$\mathrm{L}\mathrm{D}$ CLD ($\mathrm{L}\mathrm{K}$ )
, .
(1) $\mathrm{L}\mathrm{D}$ cut , cut ,
Symbol(X) .
(2) cut , $A\Rightarrow A$ $\Gamma_{2}=A,$ $\Delta_{1}=A$
.
(3) CLD , $\Gamma_{2}\oint\Delta_{1}$ (2) ,
(\rightarrow ) $\Gamma_{1}$ .
, CLD ( , (\rightarrow )
). , cut (
cut ) .
, [1O] \epsilon ([10]
$\mathrm{C}\mathrm{D}$ ).
.
($\forall$ ) ( $\exists$ ) . ,
,
. (\forall ) (\exists )
. $\epsilon$-term, $\tau$-term .
, , ($\forall$ ) ( $\exists$ )
( ).
$\frac{\Gamma(a)\Rightarrow A(a)}{\Gamma(\tau xA(x))\Rightarrow\forall xA(x)}(\forall B)$
$\frac{A(a),\Gamma(a)\Rightarrow C(a)}{\exists xA(x),\Gamma(\epsilon xA(x))\Rightarrow C(\epsilon xA(x))}$ ( $\exists$ )
, .
$A(a)$ , $\epsilon xA(x)$ $\tau xA(x)$ .
$\mathrm{D}$ .
$\frac{\frac{A\Rightarrow A}{A\Rightarrow A\forall xB(x)}(\mathrm{v}B)\frac{\frac{B(a)\Rightarrow B(a)}{B(\tau xB(x))\Rightarrow\forall xB(x)}}{\Rightarrow A\vee\forall xB(x)B(\tau xB(x))\Rightarrow A\vee\forall xB(x)\Rightarrow A\vee\forall xB(x)(\forall R)}}{\frac{A\vee B(\tau xB(x))}{\forall x(A\vee B(x))}}(\vee E)(\forall B)(\vee B)$
$\Rightarrow\forall x(A\mathrm{v}B(x))arrow A\vee\forall xB(x)(arrow E)$
6
, $\mathrm{C}\mathrm{D}$ :
$=(x) \frac{A(a)\Rightarrow A(a)}{\Rightarrow A(\tau xA(x))arrow\forall xA,\Rightarrow\exists y(A(y)arrow\forall xA(x))A(\tau xA(x))\Rightarrow\forall xA(x)}(\forall \text{ })(arrow \text{ })(\exists B)$
, CD – cut-free
, .
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